INTRODUCTION
T-cell-dependent antigen response is held to be regulated by receptor-ligand interactions such as those among antigen, antibody, cytokines, or adhesion *Corresponding author. molecules and their cell-membrane receptors (see Clark and Ledbetter, 1994; MacLennan, 1994; Thorbecke et al., 1994) . Recently, we found evidence that a direct regulatory pathway via gap junctions also exists in lymphoid germinal centers where plasma and *Present address: Department of Pathology, Albert Szent-Gyorgyi Medical University, Szeged, Hungary memory B-cell production takes place (Krenacs and Rosendaal, 1995; Krenacs et al., 1997) .
Gap junctions consist of hundreds of small channels (connexons) arranged into plaques in the cell membrane (Makowski et al., 1977) . Connexons produced by adjacent cells are aligned and small molecules and ions (< 1 kDa) can be rapidly exchanged through them between the coupled cells. These may include small metabolites, morphogens, and second messengers like Ca +2 ions, cyclic-AMP, or 1,4,5-inositol-triphosphate (Saez et al., 1989; Granot and Dekel, 1994) . Metabolic communication through gap junctions has been implicated in the regulation of cell growth and proliferation during tissue development (Loewenstein and Rose, 1992; Warner, 1992) and in the rapid propagation of local signals through coupled cell networks (reviewed by Bruzzone et al., 1996) . Members of the gap-junction multigene family can be traced in tissues immunohistologically by detecting connexin molecules, six of which form the connexon hemi-channel (Makowski et al., 1977; Kumar and Gilula, 1996) .
In germinal center reactions, combinations of the antigen, T-cell cytokines, growth factors, and adhesion molecules are implicated in the activation, rescue, selection, and isotype switching of B lymphocytes. As a result, plasma and memory B cells are formed in a highly controlled manner against the antigen (Clark and Ledbetter, 1994; MacLennan, 1994; Thorbecke et al., 1994 
RESULTS AND DISCUSSION

Gap-Junction Expression in Lymphoid Organs
Of the three most prevalent gap-junction types, Cx43, -32, and-26, only Cx43 was found in the lymphoreticular system, that is, in bone marrow (Rosendaal et al., 1991 (Rosendaal et al., , 1994 , thymus (Alves et al., 1995) , and secondary lymphoid organs (Krenacs and Rosendaal, 1995) . The remarkable feature of gap-junction expression in spleen, lymph nodes, and MALT (the mucosa associated lymphoid tissue) is the presence of large numbers of Cx43 gap junctions in germinal centers of fully formed secondary follicles ( Figure  1A ). Transmission and freeze-fracture electron microscopy and immunohistochemistry revealed that most junctions are produced by FDC, which also express CD21, CD35 complement receptors, and form desmosomal junctions (Krenacs and Rosendaal, 1995;  Krenacs et al., 1997) ( Figure 1B ). The number of FDC and gap junctions shows a strong positive correlation, being densest in the light zone (Figure 2) , where B-cell selection is held to happen (Lindhout et al., 1993) . Here, gap junctions are arranged along the processes of FDC that envelope nondividing centrocytes. Mice immunization experiments confirm that developing FDC produce gradually increasing numbers of gap junctions up to the formation of full secondary follicles (Krenacs et al., 1997 
FIGURE
Immunofluorescence co-localization of (A) Cx43 gap junctions and (B) desmosomal junctions (desmoplakin reaction) in a human tonsil section. Note the same distribution of both types of junction with strong expression in the germinal center (GC; right half of the images) and gradual downregulation toward the paracortex (PC; left half of the images). Bar: 20 #m. Figure 1A ) and raised the possibility of heterologous communication between these cells. We used dye-transfer studies and established that this was the case (Krenacs et al., 1997 (Kumar and Gilula, 1996) and because their channel-forming connexins are highly conserved throughout evolution (Warner, 1992) . Functional data collected so far can be grouped along two main lines. On one hand, gap junctions provide a low-resistance pathway for the rapid propagation of local signals through coupled cell networks (Bruzzone et al, 1996) . Depolarizing waves are held to spread in this way between excitable cells such as cardiac myocytes (Rook et al., 1990) , smooth muscle cells (Miller et al., 1989) , or neurones (Bruzzone et al., 1996) morphogens (Loewenstein and Rose, 1992; Warner, 1992 Germinal centers of secondary lymphoid follicles are structurally divided into a dark zone filled with highly proliferating B centroblasts (see Figure 2 ) and a light zone with dense FDC meshwork enveloping maturing B centrocytes, a few germinal center T cells and macrophages (MacLennan, 1994; Thorbecke et al., 1994) . B cells entering the light zone are rescued from apoptosis on the basis of their binding to FDC and the presented antigen (MacLennan and Gray, 1986; Lindhout et al., 1993) . The nature of the final rescue signal blocking endonucleases in B cells is still unknown (Lindhout et al., 1995) . Since FDC can communicate with B lymphocytes through gap junctions and this is the region where gap-junction expression is the highest (Krenacs and Rosendaal, 1995; Krenacs et al., 1997) , one can imagine that this signal may be delivered through gap junctions. If this is so, the specific binding to the antigen presented by FDC may signal B cells to form gap junctions. The fast kinetics of gap-junction formation reflected by the short half-life (1-2 hr) of connexins (Laird et al., 1991) means that gap junctions could form in B cells within 4 hr, the predicted time needed for B-cell rescue (Ernst Lindhout, personal communication) .
In the light zone of germinal centers, FDC envelope both B and T lymphocytes while forming a meshwork of interconnected cells. We showed that the members of this meshwork are functionally coupled with Cx43 gap junctions (Krenacs et (Clark et al., 1992; Kim et al., 1994) , which should have consequences on FDC-B-cell interactions.
It has to be noted that antigen-specific T cells play a pivotal role in FDC and germinal center formation, B-cell activation, and the final maturation steps of B lymphocytes (Clark and Ledbetter, 1994; Thorbecke et al., 1994) . T cells act through receptor-ligand pathways represented by interactions between cytokines/growth factors, adhesion molecules, and their receptors in the target cell membrane. In recent work, however, we have confirmed the existence of another direct pathway for information exchange in the lymphoid germinal center that occurs through gap junctions (Krenacs and Rosendaal, 1995; Krenacs et al., 1997 
MATERIALS AND METHODS
FDC-B-Cell Cultures
The tonsils were minced and low-density FDC-rich germinal center B-cell fractions were separated as described by Lindhout et al. (1993) . Briefly 
